Objective: To test the hypothesis that increased consumption of foods rich in starch, such as breakfast cereals, will enable a substantial reduction in the percentage dietary energy derived from fat. Design: Parallel experimental design, with matched subjects allocated randomly to an intervention or a control group. Setting: Free-living subjects (mean age 20 y), undergraduate students at a college for higher education. Subjects: Sixty-two enrolled, 59 completed the study; 7 d weighed intakes at baseline, 4 weeks and 12 weeks. Intervention: The intervention group were required to eat 60 g breakfast cereal daily with semi-skimmed milk. Pre-weighed portions of three types of cereal were distributed without charge at the beginning of each week of the study; subjects were reimbursed for the cost of milk used. No other dietary advice was given. Results: At baseline, total energy intake and percentage energy from macronutrients was very similar in both the intervention and control groups. After four weeks of intervention there was a signi®cant reduction in % energy from fat (75.4%) in the experimental group, maintained at the 12 weeks follow-up. There was a corresponding rise in energy from CHO: a signi®cant increase of 5.5% after four weeks had reached 6.5% by 12 weeks. Total energy remained virtually unchanged, indicating a replacement of fat energy by carbohydrate energy. These changes were not found in the control group. Conclusions: A simple dietary intervention to increase consumption of breakfast cereal led to a 5% reduction in % dietary fat energy, with a bene®cial effect on micronutrient intakes. The results support the case for positive advice to increase consumption of complex carbohydrate, as a strategy for dietary fat reduction in the wider population. Sponsorship: Supported by the Kellogg Company of Great Britain.
Introduction
A reduction in dietary fat is one of the key targets for health promotion in the UK. The long-term aim is to reduce the percentage energy derived from fat, currently around 40% to 35% or less by the year 2005 (Department of Health, 1992; Scottish Of®ce, 1993) . Recommendations to reduce fat intake were made in the early 1980s (NACNE, 1983; COMA, 1984) . These were widely promoted to the general public and incorporated into the food and nutrition policies of many health authorities. Despite this, fat intake has remained relatively stable over the last decade (Gregory et al, 1990; MAFF, 1995; Scottish Of®ce, 1996) . Thus the need to identify strategies for achieving the target for dietary fat is a major challenge for health promotion research. Existing strategies for dietary fat reduction may have been ineffective for a number of reasons. Mela (1993) reported that many consumers had substantial misconceptions regarding the percentage energy derived from fat in many common foods; there may be confusion as to the extent of dietary change which is required if it is to be effective (Lloyd et al, 1993) ; many individuals ®nd a reduction in fat intake dif®cult to achieve and low fat diets are considered bland and monotonous (Rolls & Shide, 1992) .
The basis of the present study was that an indirect strategy, advocating an increased consumption of starch, is likely to be a more effective means of achieving the UK target for reduction in dietary fat. Epidemiological studies have shown an inverse relationship between percentage energy from fat and percentage energy from carbohydrate; when starch intake is increased, energy from starch is likely to replace energy from fat (Gibney, 1990) . One of the recommendations of the Scottish Diet (Scottish Of®ce, 1993) is to double the consumption of breakfast cereals by the year 2005. Positive health messages, based on increased consumption of popular foods, are likely to be more effective than negative messages. Negative health advice, with a complex message based on nutrients, for example`reduce saturated fat', is more likely to be rejected by the majority of consumers. The aim of the present study was to test the hypothesis that increased consumption of foods rich in carbohydrate in the form of starch, such as breakfast cereals, will enable a substantial reduction in the percentage dietary energy derived from fat, without any adverse dietary effects.
Methods

Subject recruitment
The subjects were recruited from undergraduate students attending Queen Margaret College; publicity material was distributed to a wide range of courses and interested volunteers were invited to apply for selection to the study. The criteria for selecting the subjects were that they should be aged 17±30 y, have a normal body weight and be in good health; a high proportion of dietary energy (ideally 35% of energy or more) should come from fat, and they should have a low habitual consumption of breakfast cereals (three portions or less per week). The initial dietary screening of volunteers was carried out using a self-administered food frequency questionnaire (Paisley et al, 1996) .
Of the 434 volunteers who expressed interest in the study, 121 subjects ful®lled the initial criteria and were invited to a further selection interview; 102 attended and 62 agreed to take part in the study. The main reason for early rejection was on dietary criteria: 296 (95%) of the initial volunteers ate breakfast cereals regularly and a further 14 (4%) had very low fat diets. The exclusion criteria applied at the second stage were: body mass index (BMI) of`20 or b30 kg/m 2 , food allergies, special diets and medical conditions which required regular medical and/or dietary supervision. Informed consent of the subjects was obtained after a full discussion of the requirements of the study. Ethical approval was granted by Queen Margaret College Ethics Committee.
The 62 subjects enrolled in the study were matched for age, sex and smoking habits and were allocated randomly to the intervention group or the control group. The intervention group were instructed to increase their consumption of ready-to-eat (RTE) breakfast cereals by 420 g per week (60 g or two portions per day, to be taken with semiskimmed milk). No other dietary advice was given. Preweighed portions were distributed at the beginning of each week of the study, with unused cereal to be returned the following week; subjects were reimbursed for the cost of milk used. Three cereals were provided (Kellogg's Cornakes, Rice Krispies and Special K) and all three were forti®ed with thiamin, ribo¯avin, niacin, vitamin B 6 , vitamin B 12 , folic acid, vitamin D and iron; Special K was also forti®ed with vitamin C. All the intervention subjects were able to achieve the target intake of 60 g/d. The control group received no dietary advice but contact was maintained on a regular basis to arrange dietary and other assessments. All subjects were assessed at baseline and four weeks after intervention, with a long-term follow-up at 12 weeks. Baseline assessments took place over a period of eight weeks and, to control for seasonal and time effects, intervention and control subjects were paired at the date of starting the study. Fifty-nine subjects completed the study, which took place between January and June 1995.
Assessments
Body weight was measured to the nearest 0.1 kg, using a beam balance which was calibrated regularly; height was measured using a portable stadiometer (Leicester height measure). Dietary intake was assessed using the 7 d weighed inventory method. Subjects were provided with a set of dietary scales (Salter Microtronic 2001) and were instructed in their use; wherever possible, all food was to be weighed and recorded for seven consecutive days, at each of the three assessment stages. For food eaten outside the home, which could not reasonably be weighed, subjects were asked to keep careful records to enable portion sizes to be estimated accurately. The diet records were checked and coded by a single operator (SB) and analysed using the nutritional package COMP-EAT 4 (Nutrition Systems Ltd, London UK). Manufacturers' information was added to the database, so that processed foods which were popular with the study sample could be accurately analysed. For speci®c foods which were not on the database, the nearest equivalent was used.
The individual dietary results (mean daily energy intakes) were screened using the criteria of Goldberg et al (1991) to evaluate a number of low energy intakes. As a result, three intervention and seven control subjects were excluded from the ®nal analysis, as suspected under-reporting of energy intake. In the presentation of the data, the results have been further restricted to subjects with complete sets of reliable dietary data, that is at baseline, 4 weeks and 12 weeks, to allow the sequence of dietary and other changes to be followed consistently through the study. This limits the ®nal sample size to 26 intervention and 22 control subjects.
Statistical analysis of the data was carried out using SPSS for Windows (SPSS Inc. Chicago USA). The changes from baseline in the intervention and control groups, and the differences between the groups, were assessed using Student's t-test for independent samples. Student's paired t-test was used to assess the signi®cance of changes in nutrient intakes within each group compared with baseline intake.
Results
Subject characteristics
The intervention group consisted of 26 subjects (25 female, 1 male); at baseline their mean (s.d.) age was 19.7 (1.9) y, height was 1.64 (0.06) m, weight was 62.4 (8.0) kg and BMI was 23.3 (2.3) kg/m 2 . In the control group there were 22 subjects (21 female, 1 male), aged 19.7 (1.9) y, height 1.67 (0.05) m, weight 63.5 (5.9) kg and BMI 22.8 (1.7) kg/ m 2 . There were no signi®cant differences between the groups in mean height, weight and BMI at baseline. Activity levels were also closely similar in both groups: 23 (88%) of the intervention group and 18 (82%) of the control group exercised regularly. There were six smokers in the intervention group and four in the control group.
Body weight and BMI after baseline Body weight and BMI in the two groups at the 4 weeks and 12 weeks assessments were as follows. In the intervention group, mean (s.d.) body weight at 4 weeks was 62.3 (8.0) kg and BMI was 23.2 (2.4) kg/m 2 ; at 12 weeks, mean body weight was 61.0 (9.8) kg, BMI was 22.8 (3.3) kg/m 2 (12 weeks weight data missing for one intervention subject). For the control group, body weight at 4 weeks was 62.3 (9.2) kg, BMI was 22.3 (2.7) kg/m 2 ; and at 12 weeks, weight was 63.8 (6.5) kg, BMI was 22.9 (1.9) kg/m 2 . There were no signi®cant differences between the groups in the change in body weight or BMI at 4 weeks or at 12 weeks, compared with baseline. Intervention to increase consumption of breakfast cereals did not lead to an increase in mean body weight; indeed, the results indicate a trend towards weight loss in the intervention group, who had a mean weight change of 71.4 kg over the 12 weeks of the study, compared with a mean change of 0.3 kg in the control group. This trend, which was not statistically signi®cant, is re¯ected in the distribution of individual weight changes: by the end of the study, weight loss (of b1 kg) had occurred in 6 (24%) of the intervention group but in only 2 (9%) of the control group; body weight remained unchanged (AE1 kg) in 13 (52%) of the intervention group and in 13 (59%) of the control group and weight gain (of b1 kg) occurred in 6 (24%) of the intervention group and in 7 (32%) of the control group. Table 1 Energy intake, energy sources and macronutrients at baseline, 4 weeks and 12 weeks after intervention to increase breakfast cereal consumption 
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Signi®cantly different from control group (independent t-test): * P`0.05, ** P`0.001. Signi®cantly different from baseline (paired t-test):
SFA: saturated fatty acids; PUFA: polyunsaturated fatty acids; MUFA; monounsaturated fatty acids.
Dietary fat reduction and starchy food TR Kirk et al
Energy intake and macronutrients Table 1 shows energy intake, percent energy sources and macronutrients (g/d) at baseline, 4 weeks and 12 weeks. At baseline, before dietary intervention began, there were no signi®cant differences between the intervention and the control groups, either in energy intake or in the percentage of energy derived from protein, fat, carbohydrate or alcohol. During the course of the study, mean energy intakes remained relatively stable in both groups, with no signi®-cant changes when the groups were compared, at either the 4 weeks or the 12 weeks follow-up. However, following intervention, there were considerable differences between the two groups in the energy contribution from fat and carbohydrate, as follows. At 4 weeks, the intervention group had reduced their percent energy from total fat by 5.4%, compared with a slight increase from baseline (1.1%) in the control group; the difference between the groups was highly signi®cant (P`0.001). The decrease in fat energy in the intervention group came from reductions in all types of fat: the changes in saturated, monounsaturated and polyunsaturated fats were each statistically signi®cant when compared with the corresponding minor changes in the control group at four weeks. Percent energy from carbohydrate had increased by 5.5% over baseline in the intervention group, attributable to a signi®cant increase in percent energy from starch, although not from sugars; by contrast, carbohydrate energy fell slightly in the control group at four weeks. The difference between the two groups was again highly signi®cant (P`0.001), for changes in both total carbohydrate and for starch energy.
The results at 12 weeks show that these early changes in the intervention group were sustained at a similar magnitude for the duration of the study, and the differences between the two groups, in the changes in percent energy from fat and carbohydrate, remained statistically signi®-cant. In the intervention group, percent energy from total fat had fallen by 5.5% at 12 weeks, and the energy contribution from all types of fat remained signi®cantly lower than at baseline (paired t-tests). Compared with the control group, there were signi®cant reductions in energy from total fat, monounsaturated fat and polyunsaturated fat, although percent energy from saturated fat was reduced in both groups at 12 weeks. The early increase in percent carbohydrate energy in the intervention group had reached 6.5% of baseline value at 12 weeks, and was still con®ned to a rise in energy from starch; in the control group, the changes in carbohydrate were minor and the difference between the two groups was highly signi®cant (P`0.001).
The results for the dietary analysis, expressed in quantitative terms (g/d of macronutrients) are included in Table 1 . As might be expected, the ®gures re¯ect the general pattern of the percent energy results; there were no signi®cant differences between the intervention and control groups at baseline, but there were signi®cant differences between the groups in the changes in fat intake (g/d) and carbohydrate intake (g/d) at four weeks. Although the change in CHO intake (g/d) remained signi®cantly higher at 12 weeks in the intervention group compared with the control group, there were no signi®cant differences between the groups in fat intake at 12 weeks.
Taken overall, these results indicate that dietary intervention to increase consumption of RTE cereals led to signi®cant changes in macronutrient balance, with a reduction in energy from fat and an increase in carbohydrate and starch energy in the intervention group, compared with minor changes in the control group. These changes took place in the early weeks after intervention and were sustained over the 12 weeks of the study. The small but signi®cant increases in percent energy from protein by the intervention group at 4 weeks and 12 weeks may be partly attributable to the extra milk taken with cereals. Table 2 shows micronutrient intakes in the intervention group and the control group at baseline, 4 weeks and 12 weeks. As expected, at both short-and long-term follow up, the intervention group showed striking increases in intakes of the micronutrients with which the breakfast cereals were forti®ed (thiamin, ribo¯avin, nicotinic acid, vitamin B 6 , vitamin B 12 , folate, vitamin D and iron). Calcium intake also increased in the intervention group, attributable to the extra milk taken with cereals. By contrast, there was much less variation in micronutrient intakes in the control group, either at 4 weeks and 12 weeks. The differences between the groups in the change in intakes of these micronutrients was statistically signi®cant, and this was maintained for the duration of the study. These results highlight the contribution of forti®ed cereals to intakes of speci®c vitamins, and the extent of this contribution can be illustrated with reference to folate. In the intervention group, the mean folate intake at baseline was below 200 mcg/d, the UK Reference Nutrient Intake (RNI, COMA, 1991); following intervention to increase breakfast cereal consumption, folate had increased by 94%, well above the RNI; in the control group, mean folate intake remained at borderline levels compared with RNI. Similarly, iron intakes in the intervention group showed a signi®cant 34% increase on baseline intake, compared with much smaller changes in the control group. In summary, dietary intervention to increase consumption of forti®ed RTE cereals led to substantial increases in micronutrient intakes which were sustained for the duration of the study.
Micronutrients
Eating patterns
Since energy intake had not changed after intervention, it was of interest to determine what effect breakfast cereal consumption had had on the diet and on eating patterns in the intervention group. The results for the 7 d weighed intakes were used to investigate changes in eating patterns during the study, by computing the energy contribution from different food groups; the results, shown on Table 3 , are expressed as the percentage contribution of food groups to mean daily energy intake.
At baseline, there were no signi®cant differences between the intervention and control groups in food intake patterns, with the exception of fruit intake, which was signi®cantly higher in the control group. Intervention to increase RTE cereal intake led to substantial and sustained increases in the energy contribution from both cereals and milk, changes which were statistically signi®-cant compared with the control group. Although these differences were a direct consequence of intervention, there were also secondary changes in food intakes after intervention, leading to other differences between the two groups. Energy from bread and toast, and from spreading fats, had fallen in the intervention group at the four weeks follow up, and these reductions were statistically signi®cant compared with the control group. This suggests that breakfast cereals had displaced bread and toast in the diet of the intervention group; the corresponding reduction in spreading fats is likely to have contributed to the overall 5% fall Table 2 Intake of micronutrients at baseline, 4 weeks and 12 weeks after intervention to increase breakfast cereal consumption Signi®cantly different from control group (independent t-test): * P`0.05, ** P`0.001. Signi®cantly different from baseline (paired t-test):
Dietary fat reduction and starchy food TR Kirk et al in total fat intake (shown in Table 1 ). Although these changes were sustained at 12 weeks in the intervention group, the control group also showed a comparable reduction in spreading fats, and the difference between the groups was not signi®cant at the long-term follow up (this late trend in the control group may account for the decrease in percent energy from saturated fat at 12 weeks, Table 1 ). Another indirect change from baseline eating patterns in the intervention group was in snack foods. At the four week follow up, energy from biscuits and cakes had fallen by 4.4% in the intervention group and there was a 1.8% reduction in energy from confectionery; both these changes were statistically signi®cant compared with the control group. The energy contribution from biscuits and cakes remained signi®cantly lower at 12 weeks in the intervention group, with a further reduction to 6% below baseline intake; energy from confectionery also remained lower than at baseline. This suggests that breakfast cereals may have been eaten as a snack food, displacing higher fat snacks such as cakes, biscuits and chocolate confectionery. There was virtually no change in energy from savoury snacks such as crisps or nuts, in either of the two groups. A further contribution to the overall reduction in dietary fat in the intervention group may have come from the small reduction in cooking oil, which was signi®cantly lower than at baseline (paired t-tests).
To summarise, dietary intervention to increase cereal consumption appears to have led to further changes in eating patterns; these changes were not found in the control group. RTE cereals appear to have displaced bread and toast, with a corresponding reduction in spreading fat; intervention also led to a reduction in fat-rich sweet snacks, especially cakes and biscuits. The overall change in eating patterns, well established at 4 weeks, had been sustained to the end of the study. These results may be suf®cient to account for the substitution of fat energy by carbohydrate energy, shown in Table 1 .
Discussion
The results of the study show that increased consumption of RTE breakfast cereals and the increase in energy from carbohydrate as starch, led to a corresponding reduction in energy from fat; mean daily energy intake remained unchanged, i.e. fat energy had been substituted by carbohydrate energy. This change in the balance of energy from macronutrient sources did not take place in the closely matched control group, and can be directly attributed to dietary intervention. The effect of intervention was both rapid and sustained: the percentage energy from fat and carbohydrate changed within the ®rst few weeks of the intervention period, and this change was maintained, at a similar magnitude, until the ®nal follow up after 12 weeks.
It is interesting to note that the magnitude of the change, a 5% reduction in dietary fat, was in line with the UK target for health. Moreover, the reduction in fat was achieved from a relatively low baseline intake of 34.8%, compared with the UK average of around 40% energy from fat. Although the aim had been to recruit subjects with a fat intake of 35% or more, and the screening questionnaire was suf®ciently sensitive to exclude volunteers with very low fat intakes, the 7 d weighed inventory method showed that the intervention group had a mean fat intake of just less than 35% at baseline. In this respect, the intervention group were not representative of the UK population in general, although arguably it should be easier to reduce dietary fat when the initial intake is at a higher level, compared with the lower baseline in this study. The subjects, who were all students (mean age 20 y) were also selected for their initial low intake of breakfast cereals (three portions or less per week) and in this context they were indeed untypical of their peer group. However, despite having a low initial intake of cereals, the intervention group were able to increase their cereal consumption over a prolonged period, albeit under closely supervised experimental conditions. Clearly, these conditions do not prevail in the population at large. Nevertheless, the results of the study indicate that if the current recommendation to the general public, to double the intake of breakfast cereal (Scottish Of®ce, 1996 ) is implemented, it should lead to a bene®cial lowering of % energy from dietary fat.
The present study has demonstrated that a simple dietary intervention, to eat a cereal-rich diet, resulted in an isocaloric substitution of fat energy by carbohydrate energy. This effect on macronutrient balance is particularly relevant, in view of the growing body of evidence that a high fat intake promotes obesity whereas a high carbohydrate intake may be protective (Tremblay, 1989; Tucker & Kano, 1992; Larson et al, 1995) . The subjects for this study were selected as having a normal body weight, and the results at the end of the 12 weeks intervention period indicate a trend towards weight loss in the intervention group, which was not found in the control group. It would be of interest to compare the effect of a similar intervention in an overweight group, and over a longer period.
The results suggest that breakfast cereals had displaced other foods from the diet, including high fat snacks such as biscuits, cakes and confectionery as well as bread and toast, normally spread with fat. The net effect was an indirect or passive reduction in energy intake from fat, even though the only instruction had been to eat more breakfast cereals. A reduction in fat-rich sweet snacks was proposed by Bingham (1991) , as part of projected changes for achieving dietary targets for fat intake; Bingham advocated halving the population consumption of cakes, biscuits and confectionery; in the present study, substantial reductions were achieved by the intervention group, even without direct instructions to limit intakes of sweet snacks.
As well as improving the macronutrient balance of the diet, dietary intervention led to increased intakes of micronutrients. Intervention is likely to have improved the vitamin and iron status of many subjects. Somerville & O'Reagan (1995) showed that forti®ed breakfast cereals made an important contribution to micronutrient intakes; Crawley (1993) also noted the importance of breakfast cereals for intakes of folic acid in young women. In the present study, the increase in folate intake in the intervention group is interesting, particularly in view of recent studies showing that the bioavailability of folic acid is higher than for food folates (Cuskelly et al, 1995) , and in the context of current campaigns to raise public awareness of the importance of folic acid in pre-conceptual nutrition (HEA, 1996) .
Conclusions
Dietary intervention to increase consumption of RTE breakfast cereals resulted in a 5% reduction in energy from fat with a corresponding 5% increase in energy from carbohydrate, as starch; total energy intake remained unchanged. Increased cereal consumption led to a reduction in intake of spreading fats and of snack foods including biscuits, cakes and confectionery. The results of the study validate the initial hypothesis that increased intake of carbohydrate-rich foods will enable a reduction in percentage energy from fat, without adverse dietary effects. This is consistent with current dietary guidelines and suggests that a positive health promotion strategy which promotes a diet high in complex carbohydrate might prove to be a more effective approach as a population strategy, than merely emphasising a reduction in dietary fat.
